ABSTRACT -Objective: To determine the influence of the location of the irritative zone, and the number and the distribution of the intracranial calcifications in the severity of epilepsy associated with intracranial calcifications. Method: We studied 47 patients with epilepsy and intracranial calcifications, 24 with normal (Group A) and 23 with abnormal interictal EEGs (Group B), a control group (n=21) with abnormal interictal EEGs and normal CT-scans (Group C). Clinical, electroencephalographic and neuro r a d i o l o g i c a l f e a t u reswere compared among gro u p s . Results: Temporal lobe interictal EEG abnormalities were found in 23/24 Group B patients, and in all Group C patients. Most Group B and Group C patients presented temporal lobe seizure symptomatology, whereas in most Group A patients symptomatology was ro l a n d i c (p=0.0001). Epilepsy was more severe in Group B and Group C patients than in Group A patients (p=0.0001 and p=0.0054). No relationship was found between the number of calcifications and epilepsy severity. Conclusion: An irritative zone at the temporal lobe is more relevant in determining the severity, symptomatology and frequency of seizures than the number and location of calcifications.
As in other Latin American countries, neuro c y st i c e rcosis has been identified in Brazil as the single main abnormality found on ancillary investigation of adults with epilepsy in primary health care serv i ces, university hospitals, and radiological clinic surv e y s 1 -4 . Although some studies have been carried out with the aim of determining the prognostic factors of epilepsy related to neuro c y s t i c e rc o s i s 5 -7 , it has recently been shown that, in many cases, parenchymal neuro c y s t i c e rcosis leaves no clue for later diagn o s i s 8 . However, in these countries, calcified lesions a re the most common clinical presentation of neuroc y s t i c e rcosis associated with epileptic seizure s 1 , 3 , 9 -1 1 , occurring in 70-90% of patients with neurocysticercosis and epilepsy.
In a recent review of cysticercosis and epilepsy, Carpio et al. 1 2 pointed to the lack of studies with patients with acute symptomatic seizures, chronic re c u rrent seizures and newly diagnosed re c u rrent seizures.
We have carried out this study in an attempt to clarify the factors related to the severity of epilepsy associated with intracranial calcifications.
METHOD
Files for two sets of patients were selected from the patients' database at the HC-UFPR Hospital, in Curitiba, s o u t h e rn Brazil. One of the files i ncluded all the patients with intracranial calcifications and epilepsy that had attended the general neurology out-patient clinic during 1993. Inclusion criteria were age between 15 and 65 years, pre sence of calcifications on computerized tomography (CTscan) images of the brain and follow-up of one year. Exclusion criteria were presence of idiopathic or symptomatic generalized epilepsy 1 3 , presence of active systemic or neurological disease, seizures related to specific conditions and presence of severe mental retardation. All of the patients selected were interviewed by one of the investigators (PA K ) , and submitted to an inventory, according to the protocol. Of the 51 patients selected serially, four dropped out for the following reasons: mental retardation (n=2); intracranial neoplasm (n=1); and lack of will to participate (n=1). Patients with intracerebral calcifications and a normal ro utine EEG were submitted to another tracing after 24 hours of sleep deprivation and subdivided into two groups -the G roup A (absence of an interictal EEG focus), and G roup B ( p resence of an interictal EEG focus). A control gro u p (Group C) of patients with normal CT-scan images but abnormal EEGs was selected from the same out-patient clinic (n=15) and from the epilepsy out-patient clinic (n=6) (Table 1).
Although the pro p o rtion of females was higher in both g roups with abnormal EEGs compared with that of the G roup A, the diff e rences were not statistically significant ( Tables 2, 3 and 4) . Only one patient from the Group B had been treated for neuro c y s t i c e rcosis with albendazole. Sei- 1 4 . Seizure frequency was classified according to the last year of follow-up as no seizures, few seizures (less than one seizure a month), frequent seizures (at least one s e i z u re a month) and very frequent seizures (one seizure or more a week). Severity of epilepsy was classified by combining average seizure frequency with seizure type (m i n o r = p a rtial; major = secondarily generalized) and classified as controlled, for no seizures in the last year, or as mild, moderate and severe, according to modified Pazzaglia criteria 15 . C T-scans of the head were perf o rmed with a 10º angle. Ten millimeter and 6 mm intervals were used for imaging above and below the tentorium, re s p e c t i v e l y. Images were transposed to sketches of the tomograms by a board -c e rtified neuroradiologist. Quantity of calcifications was classified as isolated (n=1), sparse (1<n 5), and diffuse (n>5), in accordance w ith the nomenclature used by t he associated radiologist (ER). For Group B patients, location of calcifications was compared to location of surface EEG foci. Calcifications of the patients in each group were superimposed in a single sketch, and the Group A sketch was compared with the Group B sketch. The possible relationship between the number of calcifications and severity of epilepsy was studied. The level of significance was determined by the Qui-square test corrected by Yates and by Fisher's exact test.
The publication of the study was approved by the local regulatory institution.
RESULTS
In the Group A, patients without seizures in the last year prior to the study or with infrequent (low f requency) secondarily generalized seizures were m o re common than patients with frequent or very f requent (high frequency) secondarily generalized s e i z u res (p<0.005). No diff e rence, however, was found between high frequency or low frequency simple and complex partial epileptic seizures in the same group.
In the Group B, patients with frequent or very frequent simple and complex partial seizures pre d o minated over those without seizures or with infre q u e n t s e i z u res (p=0.001) in the last year prior to the study.
In the Group C, no diff e rence was found in seizure f requency between partial and secondarily generalized seizures.
F requent or very frequent partial seizures were m o re common among Group B patients than Gro u p A patients (p<0.05). Group B patients and Group C patients re p o rted frequent or very frequent secondarily generalized seizures significantly more often than Group A patients (p<0.05).
When only the partial symptoms of seizures were analyzed, those symptoms suggestive of temporal lobe seizures were re p o rted more frequently by the G roup B patients and Group C patients, while ro l a n d i c s e i z u re symptomatology was more frequently described by Group A patients (p=0.0001, Table 3 ). No d i ff e rence was found when the location of EEG foci w e re compared between Group B and Group C. Most of the electroencephalographic abnormalities occurred over the temporal lobe in both groups (Table 4) .
Average number of calcifications was higher for the Group A (mean=12.1) than for the Group B (mean =9.8). Figures 1 and 2 respectively show all the intracranial calcifications for the Group A and Gro u p B patients transposed from their original CT-scan images to sketches of the brain, with one set of sketches for each group. There was no diff e rence between the two groups in terms of the number of cases in which isolated, sparse or diffuse calcifications were found. With re g a rd to severity of epilepsy, when cont rolled and mild epilepsy were compared against moderate and severe epilepsy within the three gro u p s , G roup B patients presented a significantly more sev e re epilepsy than Group A patients (p<0.005). When c o n t rolled, mild and moderate epilepsy were comp a red to severe epilepsy, the diff e rence between the G roup A and the Group B increased, and in the Gro u p C, epilepsy was found to be significantly more severe than in the Group A (p=0.0001 and 0.005, re s p e c t i v ely). No diff e rence was found between severity of epilepsy in Group B and Group C patients.
The data re g a rding severity of epilepsy can be appreciated in Table 5 . When the number of calcifications was plotted against severity of epilepsy taking Group A and Group B together, there was an inverse relationship between the number of calcifications and severity of epilepsy. Figures 3 and 4 show examples of disparities between the number of calcifications and severity of epilepsy.
DISCUSSION N e u ro c y s t i c e rcosis is the main cause of adult-onset s e i z u res in the developing world 1 6 -2 3 . Calcified cyst i c e rci have been re p o rted as the most common finding in tomograms of epileptic patients in Brazil, pro bably because Brazil includes a number of underd eveloped areas [17] [18] [19] [20] .
Nonetheless, an association between the number of lesions that became calcified and the persistence of seizures has been described 5 -7 . In these studies, however, follow-ups were carried out after therapy for cysticercosis, and the use of steroids during cysticidal therapy might have changed the natural history of the disorder. F rom anecdotal re p o rts, collected series, and previous observations in patients with seizures, perilesional edema related to calcifications appears to be relatively frequent, ranging from 23% to about 35% in patients with calcified neuro c y s t i c e rcosis and a hist o ry of seizure s 2 4 . When present, these areas of perilesional seizure -related transient edema are thought to re p resent the epileptogenic zone. Indeed, seizure s may be a late manifestation of neuro c y s t i c e rcosis e v e n after adequate treatment, because cicatricial tissue remains as a permanent sequela 25, 26 . Two retrospective studies published in 1992 found striking diff erences in the evolution of seizures in favor of antiparasitic treatment 6, 27 , but in 1995 a controlled trial showed no diff e rences among patients treated with albendazole, praziquantel or cort i c o s t e roids alone 2 8 . In Brazil, however, the majority of patients diagnosed as having round intracranial calcifications on CT-s c a n images and epilepsy had never been submitted to therapy with praziquantel or albendazol 2 , 9 , 2 9 . In these patients, c y s t i c e rci usually degenerated spontaneousl y. We could not find a direct relationship between the number of calcifications and the severity of epilepsy in our patients, but the inverse relationship between the number of calcifications and more severe e p i l e p s y, although significant, might have been biased by Group B patients, who also had active interictal foci. Studies suggest a lack of a re l a t i o n s h i p between the burden of the neuro c y s t i c e rcotic lesions and the severity of the epilepsy. Some patients with s e v e rere f r a c t o ryepilepsy have only one calcified lesion; by contrast, other patients have many cysts or calcifications but no epilepsy. Local inflammation and immunity studies in the brain point to significant diff e rences in both disorders in the diff e rent areas of the brain, thus adding other sources of local variation in the host-parasite re l a t i o n s h i p 2 6 . Because of the high prevalence of epilepsy and neuro c y s t i c e rc osis in less developed countries, there could be a causal as well as fortuitous relationship between the two disorders 30, 31 .
The presence of interictal epileptiform activity on EEG tracings was associated with a more severe epil e p s y, since there was no diff e rence between Gro u p B and Group C in terms of severity of epilepsy, but in both groups epilepsy was more severe than in the G roup A. In some studies, active interictal epileptif o rm activity has been found to be associated with a worse pro g n o s i s 3 2 , and in others this was true for a b n o rmalities re c o rded over the frontal and temporal lobes 3 3 . Previous studies of epilepsy and neuroc y s t i c e rcosis have not shown a relationship between interictal EEG abnormalities and severity or pro g n osis of epilepsy associated with neuro c y s t i c e rcosis, but most of them included both patients with acute symptomatic seizures and those with unpro v o k e d s e i z u res due to remote symptomatic epilepsy. Although our study was not designed to evaluate pro gnosis, its results suggest that careful EEG investigation should be perf o rmed in these patients, since interictal abnormalities over the temporal lobes may have prognostic significance. I n t e r p reting the pathophysiology of epilepsy associated with intracranial calcifications as secondary to i n c reased firing of the neurons around the lesion is an oversimplification. This becomes evident in cases presenting a mismatch between the location of the calcifications and the EEG foci or the seizure symptoms. Indeed, Benabis and Lüders stated that the synd romic approach to epilepsy had been underu s e d 3 4 . Another study noted that 18% of patients studied p resented complex partial seizures, and re p o rted that EEG abnormalities were associated with simple and complex partial seizure s 3 5 . In most of the studies, h o w e v e r, little attention was paid to a syndro m i c a p p roach. Bittencourt et al analyzed 24 patients with epilepsy and neuro c y s t i c e rcosis and compared them with 17 patients with temporal lobe epilepsy alone. They concluded that there was no significant diff e rence in the rates of co-localization of the pre s u m ptive epileptogenic foci between the patients with temporal lobe epilepsy and those with neuro c y s t i c e rcosis 36 .
The coexistence of hippocampal atrophy and extrahippocampal pathologic abnormalities is re f e rre d to in the literature as "dual pathology" and has been re p o rted in 5 to 30% of patients with medically ref r a c t o rypartial seizure s 3 7 , 3 8 . More re c e n t l y, the association between neuro c y s t i c e rcosis and mesial temporal lobe epilepsy has been re p o rted in anecdotal form in the literature 3 9 , 4 0 , but in a larger series the neuropathologic findings indicated that patients with hippocampal sclerosis and calcified cysticercosis have a p a t t e rn of hippocampal cell loss and an amount of fascia dentate mossy fiber re o rganization indistinguishable from classic cases of hippocampal sclero s i s 4 1 . Some new perspectives on the subject have already been investigated in Brazil. In a brief communication, Martinez et al. re p o rted 11 cases of epilepsy surg e ry on patients with intracranial calcifications, with mesial temporal sclerosis being described in s o m e 4 2 . More re c e n t l y, Jorge et al. compared the clinical presentation and surgical outcome of patients with mesial temporal sclerosis with and without associated intracranial calcifications, and found no significant diff e rences between the two groups. These finding were confirmed by Leite et al. who also disc o v e red that the pathologic findings at the hippocampus were similar for the two groups, and concluded that the presence of calcified lesions did not influence the profile of patients with hippocampal atrop h y, and that these patients responded to temporal lobectomy as well as the patients without intracranial calcifications 4 3 . The aforementioned works supp o rt the view that we should not be bound to the old concepts of calcification=epileptogenic lesion and/or focus, but rather search for other markers of severity in re f r a c t o rycases of epilepsy and intracranial calcifications, such as the syndromic pre s e n t ation, the interictal EEG findings and MRI imaging. Fin a l l y, we would like to emphasize a view that is now acceptable, namely that the presence of intracranial calcifications on CT-scan images of the brain should not be a criterion for excluding patients from epilepsy surgery protocols.
